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Nanotechnology is the manipulation or self-assembly of individual atoms, 
molecules, or molecular clusters into structures to create materials and devices with new 
or vastly different properties. The potential of nanotechnology to revolutionise the health 
care, textile, materials, information and communication technology, and energy sectors 
has been well-publicised. In fact several products enabled by nanotechnology are already 
in the market, such as antibacterial dressings, transparent sunscreen lotions, stain-
resistant fabrics, scratch free paints for cars, and self cleaning windows. The application 
of nanotechnology to the agricultural and food industries was first addressed by a United 
States Department of Agriculture roadmap published in September 2003. The prediction 
is that nanotechnology will transform the entire food industry, changing the way food is 
produced, processed, packaged, transported, and consumed. An estimate by the Business 
Communications Company, a technical market research and industry analysis company 
shows that, the market for the nanotechnology was 7.6 billion USD in 2003 and is 
expected to be 1 trillion USD in 2011. However, the full potential of nanotechnology in 
the agricultural and food industry has still not been realised.   
Nanotechnology has the potential to revolutionize the agricultural and food 
industry with new tools for the molecular treatment of diseases, rapid disease detection, 
enhancing the ability of plants to absorb nutrients etc. Smart sensors and smart delivery 
systems will help the agricultural industry combat viruses and other crop pathogens. In 
the near future nanostructured catalysts will be available which will increase the 
efficiency of pesticides and herbicides, allowing lower doses to be used. Nanotechnology 
will also protect the environment indirectly through the use of alternative (renewable) 
energy supplies, and filters or catalysts to reduce pollution and clean-up existing 
pollutants. 
Precision farming has been a long-desired goal to maximise output (i.e. crop 
yields) while minimising input (i.e. fertilisers, pesticides, herbicides, etc) through 
monitoring environmental variables and applying targeted action. Precision farming 
makes use of computers, global satellite positioning systems, and remote sensing devices 
to measure highly localised environmental conditions thus determining whether crops are 
growing at maximum efficiency or precisely identifying the nature and location of 
problems. Precision farming can also help to reduce agricultural waste and thus keep 
environmental pollution to a minimum. Although not fully implemented yet, tiny sensors 
and monitoring systems enabled by nanotechnology will have a large impact on future 
precision farming methodologies. Ultimately, precision farming, with the help of smart 
sensors, will allow enhanced productivity in agriculture by providing accurate 
information, thus helping farmers to make better decisions. 
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In the future, nanoscale devices with novel properties could be used to make 
agricultural systems “smart”. For example, devices could be used to identify plant health 
issues before these become visible to the farmer. Such devices may be capable of 
responding to different situations by taking appropriate remedial action. 
Agriculture is the backbone of most developing countries, with more than 60% of 
the population reliant on it for their livelihood. As well as developing improved systems 
for monitoring environmental conditions and delivering nutrients or pesticides as 
appropriate, nanotechnology can improve our understanding of the biology of different 
crops and thus potentially enhance yields or nutritional values. In addition, it can offer 
routes to added value crops or environmental remediation. 
The definition of nanofood is that nanotechnology techniques or tools are used 
during cultivation, production, processing, or packaging of the food. It does not mean 
atomically modified food or food produced by nanomachines. Although there are 
ambitious thoughts of creating molecular food using nanomachines, this is unrealistic in 
the foreseeable future. Instead nanotechnologists are more optimistic about the potential 
to change the existing system of food processing and to ensure the safety of food 
products, creating a healthy food culture. They are also hopeful of enhancing the 
nutritional quality of food through selected additives and improvements to the way the 
body digests and absorbs food. Although some of these goals are further away, the food 
packaging industry already incorporates nanotechnology in products. 
In addition to packaging, nanotechnology is already making an impact on the 
development of functional or interactive foods, which respond to the body’s requirements 
and can deliver nutrients more efficiently. Various research groups are also working to 
develop new “on demand” foods, which will remain dormant in the body and deliver 
nutrients to cells when needed. A key element in this sector is the development of 
nanocapsules that can be incorporated into food to deliver nutrients. Other developments 
in food processing include the addition of nanoparticles to existing foods to enable 
increased absorption of nutrients.  
Coming nanotechnologies in the agricultural field seem quiet promising. 
However, the potential risks in using nanoparticles in agriculture are no different than 
those in any other industry. Through the rapid distribution of nanoparticles to food 
products – whether it be in the food itself or part of the packaging – nanoparticles will 
come in direct contact with virtually everyone. The environmental group ETC (Action 
Group on Erosion, Technology and Concentration) is deeply concerned with the 
implications and regulation of nanotechnology used in food. Currently, there are none. 
Their main concern is that of the unknown. In a publication in November 2004, the ETC 
stated that “the merger of nanotech and biotech has unknown consequences for health, 
biodiversity and the environment”. Since there is no standardization for the use and 
testing of nanotechnology, products incorporating the nanomaterials are being produced 
without check. The ability for these materials to infiltrate the human body is well known, 
but there is really no information on the effects that they may have. While there is no 
evidence of harm to people or the environment at this stage, nanotechnology is a new and 
evolving area of study that could cause a great deal of harm due to its still ambiguous 
chemical properties. With the current application and advancements soon to come, 
nanotechnology will have a great impact on the direction that agriculture will take. 
Scientists are blazing a trail for a new technology and looking at every possible avenue to 
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improve upon current methods in every possible field. In the field of agriculture, there are 
still many possibilities to explore and a great deal of potential with up-coming products 
and technologies. 
Globally, many countries have identified the potential of nanotechnology in the 
agrifood sector and are investing a significant amount in it. Equal importance has been 
given to the societal issues associated with nanotechnology and to improve public 
awareness. This R&D is not just restricted to developed countries. 
India has allocated 22.6 million USD in its 2006 budget to the Punjab Agricultural 
University in Ludhiana, in acknowledgement of its pioneering contribution to the Green 
Revolution. Its research on high-yielding crop varieties helped boost food production in 
the 1960s and new projects include the development of new tools and techniques for the 
agriculture industry. 
 Many other examples and some results from the speaker’s own work at IICT, 
Hyderabad and other possible areas which could be pursued will be presented. 
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